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(54) Process for preweakening an automotive trim cover for an air bag deployment opening 



(57) A process for preweakening the inside of an 
automotive trim piece cover layer 1 6 of various construc- 
tions by use of a laser beam 1 4 so as to enable formation 
of an air bag deployment opening in the trim piece 
formed at the time the air bag deploys. The laser beam 
14 impinges the inside surface of the cover 16 to form a 
groove scoring 20 or spaced perforations to form a 



preweakening pattern. A robot arm may be used to move 
a laser generator so as to form the preweakening pat- 
tern. The laser beam 14 can be controlled in accordance 
with sensed conditions to achieve accurate preweaken- 
ing, and may also be used to trim substrate panels and 
to perform other cutting operations. 
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of JIr re P ^ Sent J nVenti0n °° ncems ^"9 and coring 

Z2fi££* m *" frim pieces endosln9 air ba 9 

Background of ftg imrpntinn 

t! r a b !? SySt6ms have come into bespread 
use m automotive vehicles and light trucks and have 

Such systems comprise an inflatable cushion com- 
inal^"* toaSan ^ whi <* - Store?fo«S 

Sn 9 ^! !• « rro,echnic 9 as generator, when a col- 

V f C ' e iS deteCted b * sensors - ^e air bag 

m 55 eP ' 0yed in 8 POSiti0n to absort5 »• impact* 
the driver or a passenger. 

It is necessary that the folded air bag be stored in 
an enctosed secure environment within tne patenter 
compartment, protected from tempering, and yet be 

me £ ni;f s !n PrOP K r,y *** int ° ^^ssenger coSa rt 
ment as the air bag is inflated. 

ofact.vat.on of the system in order to protect the oca! 

recBot^i ll 8 - t 539 fe endosed within 3 stooge 
^e^h.typ^rnotrtedbel.'ndan interior 
l^Hr : "2 36 3 Steerin9 wheel cover in the case of 
the dnver-s sde air bag. or a section of the instrument 
panel, ,n the case of the passenger's side air bag It has 

£££2." inf,ated to a,low dep,oyment 

through the open,ng created by the door panel move 

As described in U. s. Patent No. 5.082,310 issued 
Z JT*?' 1992 for an "dement for Proving 
Z ^fe a ^t eP,0yment ° Penin9 " a seamless consS 
toon rs advantageous .n which the deployment door pan- 
els are not separately delineated within the expansTof 
he tnrnpiece. but rather a smooth uninterrupted surface 
s^te^s^" 9 "~ *» ^enTdoor^ 
This construction necessitates severing portions of 
^covenng of the trim piece in o-der to Z^e ooor 
panels to hinge open. 

Severing has been achieved by me pressure of the 
.nf.at.ng air bag. orby various other methods Save 

been proposed, such aslinear energy devices describS 

ZmSZZJf, i s - pa,ent app,ica1, ' on *SnS 

isf ^m^s? e 1994, attorney docket No. TIP- 
08/027,114. Med March 4. 1993. and U. S. Patent Nos. 



rnlnJ 24 ! 3 ^ 4 " 991 - 878 describing pyrotechnic ele- 
mente used to cut the outer cover layer of the trim piece 

. ™' b, , ad , es _ have also been proposed which are 
5 S^^^^^ ba9 inflation to assist in cut 

meJL o ^ er,ayer '^ the se outwardly sw,nging de- 
ments can present a potential hazard to a vehicle 
occMpant seated in front of the deployment door 
vinu| / ^° rn0tive in t erior trim covering materials such as 
v 'nylplast.carerela6velytoughanddifficulttosever and 
W ateo a Predetermined severing pattern is neceTiy for 

preweakemng grooves have been formed in the Wm 
cover ,n a predetermined pattern to insure proper open 

15 iH fth ^ hwe,0forebeen P r °Posedtoprovidean-invis- 
^^^•^'"^^^'oyn^dot^at 
i taWbr -nvisible to a pen** sealed in the vefSe 

a * even faint outlines or -wit- 
ness lines are desirably avoided. 

Scoring of the covering layer from the inside if not 
done accurately, can over time become at lea* S 
vsible from the exterior of the trim piece % 
Fabrication of the automotive interior trim pieces 
wrth preweakening grooving particularly for invisible 
,X « thus a difficult manufact^nTS 

in JZS the9roove depih ^st be carefully controlled 
exSv ,h a *' e r ere,iable We of the outer cover at 
so ZSl 6 " 9ht tmS dUrfn9 *• * ^9 deployment 

" tne 9 roove is too shallow, the thickness of the 
rema.n.ng material may be too great, presenting excel 

s.veres«tancetosevering.de.ayingai P bagdeSyS 

35 «ng may be result or at least allow the appearance of 
externally visible "witness' lines ^arance of 

if m Jl!f« P / eWeakenin9 8,80 b e less effective 

rf the grooves are molded-in during the process since K 
has been found that cutting into plastic material suS as 
SU? preweateni "9 effect compSS to 

IS tern 9,D0Ve dUnn9 th6 , ' ^i,ia, man *«*«e of 
r ™f . hi9h Pressures used in injection molding can 

^end'"9 over the gap defined by the groove. This 
crazed zone is rendered more visible as the cart fe 

pletely cooled when it is being removed 
„ • -J* 6 effect is *bat the molded groove becomes 
so visible on the exterior side. 85 

rf«J! to accurate 'y and reliably control the 

22 f ' CUttng 01 oomponent materials 
such as sheet v,nyl. since the material is variably com- 
pressed by fte pressure of a cutting instrument 

deJLS S^i 5 ° 82 ' 310 ' refere "oed above 
3 Part ' al CUttin9 Prooed^e which is intended 
to enable accurate control over the depth of cut into a 
sheet ofpl.antplasticmaterialsuchasavinylskin I 
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ever, a purely mechanical cutting operation still has other 
inherent accuracy limitations and is slow to execute 

Also, some cover materials have irregular inside sur- 
faces, i.e.. dry powder slush processes create such irreg- 
ularities. If the groove depth were constant, this results 
in an irregular thickness of the remaining material. This 
leads to erratic performance as the resistance to opening 
pressure will vary greatly. 

The groove width is also important, in that if a too 
narrow groove is cut into many plastics, a "self healing" 
may occur, particularly at elevated temperatures in which 
the groove sides will re-adhere to each other, causing 
the preweakening effect to be erratic or neutralized. 

The required groove width also varies with the notch 
sensitivity of the material being preweakened. 

A further difficulty is encountered in assembling the 
preweakened component to the interior trim structure so 
that the lines of preweakening are properly registered 
with the other components. For example, the vinyl skin 
in a skin and foam instrument panel must be accurately 
positioned on the instrument panel substrate and the 
deployment door substrate panels so that the preweak- 
ening lines are stressed as the door edges hinge out 
under pressure from the air bag. 

This alignment requirement creates manufacturing 
difficulties and increased costs particularly since a vari- 
ety of forms of instrument panel structures are employed, 
i.e. . skin and foam, vinyl clad, hard plastic with a finished 
surface, etc.. since a variety of forming techniques are 
employed, i.e., vacuum formed calendered plastic sheet, 
dry powder slush molded, injection molded, etc. A 
leather covering layer is sometimes may be used in lieu 
of a vinyl plastic covering layer. 

Accordingly, it is an object of the present invention 
to provide a process for preweakening trim components 
overlying an air bag installation by groove scoring which 
is highly accurate in production implementation, and 
which may be efficiently integrated into the trim piece 
manufacture to lower costs and improve results. 

Summary of the Invention 

According to the invention, the preweakening groove 
scoring of a smoothly contoured trim piece cover mate- 
rial overlying an air bag receptacle is carried out by the 
use of a laser beam which is controlled and guided so 
as to produce grooves of a precise depth and width 
formed by the laser beam energy into the undersurface 
of various trim piece cover materials such as a vacuum 
formed sheet of vinyl. 

A sensor provides a feedback signal allowing rela- 
tive positioning of the workpiece and/or varying of the 
laser beam source intensity or to precisely control the 
groove depth to achieve a constant thickness of the 
remaining material. 

The workpiece and laser beam source can be 
mounted for relative movement in a two-axis positioner 
table, or alternatively, a system of movable reflectors can 
optically generate the groove pattern. 
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A f ive axis robotic arm can also be used to guide the 
laser beam source in the required pattern extending in 
three dimensions, and in process or post-process gaging 
can also be utilized to correct the laser and robot control 
5 and improve results. 

The laser beam preweakening groove scoring can 
be carried out on the cover piece prior to its incorporation 
into the trim piece or such groove scoring can be carried 
out after attachment to a substrate or other trim elements 
10 grooving the underlying substrate and partially scoring 
the cover layer at the same time to create a deployment 
door substrate panel while preweakening the cover 
material. 

The laser beam apparatus can further be utilized to 
is trim the assembled trim piece. 

Description of th e Drawinos 

Figure 1 is a perspective diagrammatic view of a 
20 laser beam scoring apparatus having a trim piece dis- 
posed therein being preweakened in a predetermined 
pattern by laser beam groove scoring. 

Figure 2 is a fragmentary view of a trim piece having 
a preweakening groove formed therein back f flled with a 
25 filler material. 

Figure 3 is a perspective diagrammatic view of 
another form of the laser beam scoring apparatus 
according to the invention and having a trim piece dis- 
posed therein being preweakened in a predetermined 
30 pattern by laser beam groove scoring. 

Figure 4 is a perspective, simplified representation 
of a preferred robot arm form of the laser beam scoring 
and cutting apparatus together having a trim piece dis- 
posed therein being trimmed and preweakened in a pre- 
ss determined pattern by laser beam groove scoring. 

Figure 4A is a perspective, simplified view of the 
robot arm laser beam scoring and cutting apparatus of 
Figure 4 with an added robot arm for in-process gaging 
of the trim piece surface. 
40 Figure 5 is an enlarged, fragmentary sectional view 
taken through a dry powder slush molded cover and 
along a preweakening laser scored groove. 

Figure 5A is a sectional view of the cover of Figure 
5 taken across the preweakening groove. 
45 Figure 6 is an enlarged, fragmentary sectional view 
taken through smooth calendered sheet stock, vacuum 
formed into an air bag installation cover layer, laser 
scored from the undersurface. 

Figure 7 is a front perspective view of a steering 
so wheel cover which overlies an air bag installation and 
which has been preweakened in a predetermined pat- 
tern with a laser scored grooving. 

Figure 8 is an enlarged sectional view of a portion 
of the steering wheel cover shown in Figure 7, the section 
55 taken across the laser formed groove. 

Figure 9 is an enlarged sectional view of a vinyl clad- 
<Jing cover material, which has been laser scored with 
grooves of various depths. 
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Figure 10 is an enlarged sectional view of a layer of 
™*a vacuum formed to a thermoplastic substrate such 
as for an instrument panel trim piece. 

Figure 1 1 is an enlarged sectional view of a leather 
covering material which has been pretreated and subse- 
quently laser scored through the pretreated region 

Figure 1 2 is an enlarged sectional view of the leather 
covenng material which has been laser scored without 
the pretreatment in the region of the scoring 

Figure 13 is an enlarged sectional viewof a cosmetic 
covenng such as a fabric material having a bactdng Ser 

ESSE by ,aser scored to 

Flgure14isanenlargedsectionalviewofacomoos- 
rte cover comprised of a metal substrate panel wrthan 
overlying skrn, both preweakened by a laser-formed 
groove. 

„r^l Ure l S iS a " enlarged se <*'°nal view of molded 
"2"^ a molded-in-place scrim, both preweak- 
ened with a laser formed groove. 

Figure 16 is a fragmentary section of a trim oiece 

Zl^ in ^ iChtheSUbStrateisbein 9 cuta ^^me 
time the covering layer is being scored. 

„* 9 ? & 11* 3 sectional v'ew of a trim piece being 

b/ „ bein9 Perfarated "* » intermittent 
generated laser beam. 

Figure 18 is a sectional view of a trim piece being 

S,L Va io ab ' e **** With a P ulsa « n 9 '**r beam 
Rgure 19 is a fragmentary plan view of a laser 
scored groove wrth transverse slits added to establish 
^weakening to control the site at which tearing is ini- 
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Qfiteited Pmranwkm 

teJlL? 6 ^'T^ 9 detailed desc "'P«on. certain specific 
t ™ °^L W ' 11 be emploved for the sake of clarity, but 

rSnf^!^ the 83,116 is ** '"tended to be 
tonrting and should not be so construed inasmuch as the 
mventon ,s capable of taking many forms and variations 
within the scope of the appended claims 

The present invention is concerned with preweaken- 

•r^ofanautonwtjveinteriortrimpiecesuchasasteering 
wheelcover or an instrument panel overlying an air baa 
receptee stored behind the trim piece. Th? suice of 

mfnTr^K presented to »» passenger compart- 
ment must be aesthetically pleasing rather than starkly 

^^^^"^opedapreference 
fto rtT T 9 V 6u 99 estion °» *e presence of the 
*• ^st. separately defined deploy- 
ment doors have been fit into an opening in the instru- 
ment panel. In the case of a wheel cover, visible 

H^i° n l S69men,in9 the Cover to to"" deployment 
doors have been provided. 

molJSthT 68 h8Ve alS ° been provided - tyP'«lly 
molded into the trim piece itself. 

As described above, molded grooves have some- 
times resulted in exteriorly visible "witness" lines, since 
the h.gh injection pressures forcing the plastic through 



the narrow gap remaining above the groove has resulted 

Z^1^ n ' 85 We " 33 **** cwSdng when the 
part is removed from the mold. 

706 Resent invention comprises the process of 

after the cover has been molded or otherwise formed 

A laser beam is directed at the cover layer or other 
frjrr .piece component to score the component along a 

» nJm cooT 6 ^ Pattern *• de P'oy- 

n^^ 6 ,' 386 ' SCOri " g has been found to result in elimi- 

m!^ ^ any , eX,eri0r,y ViSible ,ines - *here mini- 
mum material remains above the scoring groove 

^erring to a first embodiment of a laser scoring 
aPPeretos 10 suitable for practice of the invent a 
small (25-150 watt) carbon dioxide gas laser sounj 1 2 
producing a coherent infrared laser output beam 14 at 
J*™™ WaVe,en9th 15 dnVen to effect controlled 
^T 9 f re9 '° n ° f a P° ,vmer sh eet material instru- 
ment P^el cover 16 extending over an air bag insta la- 
tcn when installed. The cover 16 is moved relative fife 
laser source 12 to cause tracing of a particular pattern 

tem 17. The laser output beam 14 is focussed to a soot 
* orsr^l.diameterpend.beamusingoneorm^ef.iS! 
mg elements 18 to cause formation of a score line 20 of 
acc^tabfo width. The presence of fte^reTne 20 

wIS is" £L£ a I 9ni,icarrt *«* Senerates a seam 
wnich is invisible when viewed from outside face 21 of 

^e outside face21 of cover l^rrnsme oU 
metocsurfece presented to occupants of the vehicle 

in J^!r dth , t>ftheSCOre,ine 20 is generally minimized 

l^?i aPP Cat L° nS ^ BeH nea,in 9 m ay be avoided 

ss ^„^ eSSary by maldn9 wider cu«s which may be 

£T T h K a maten ' al h3Vin9 phvsjcal Properties hav 
^ggeneraBy beneficial physical properties for improving 

SeTScfo * e, ™ Sib,eseamd ^9airbag option in 

For example and referring to Figure 2. a portion of a 
40 pdyrner sheet instrument pane, cover 16 with a wide 
score line 22 and with filler 24 comprising a cured in 
place silicone rubber bead is shown. Filler 24 provides 
n^nical support in a similar fashion as was experi- 
enced before polymer was removed by the laser The 

^n.calsupportprovidedbyfi.ler24preventsdete- 
noraton of cover 16 over the lifetime of the vehicle 

Typical focusing elements for infrared laser 12 com- 
prise gallium arsenide or germanium refractive lens 
so m c 8 ^ re ' w .f ,d reflective members. Several alternate 
so laser types will achieve good results and laser source 1 2 
maybe an excimer. solid state, argon gas, or diode laser 
However, the carbon dioxide laser is likely to be the least 
expensive in both initial cost and over the required Irfe- 

55 dJ!^ ^ 12 P ra,uce s continuous output, the 
depth of the score line 20 is controlled by the laser output 
power density at the surface of cover 16 and the rate at 
which cover 16 moves relative the beam 14. 
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In another process, laser source 1 2 may be control- 
led to generate pulses of a laser output beam, each pulse 
removing by heat ablation or combustion a minute quan- 
tity of cover 16 material. Depth is therefore controlled by 
applying a particular number of pulses before moving to 
an adjacent possibly overlapping, site on the inside of 
cover 16. The pulsed laser technique combined with a 
stepwise movement of cover 16 should result in superior 
control over the process when a computer based con- 
troller 26 is used. 

Multiaxis positioning system 1 7 may be driven by a 
multiplicity of electric motors controlled by a small com- 
puterized controller 26 as shown, or alternatively, by 
electromechanical actuation of a multiplicity of cams and 
mechanical devices which move the cover 1 6 in a proper 
pattern at appropriately controlled rates. 

In most industrial applications, the focusing ele- 
ments 1 8 must be maintained clean and free of blowback 
debris emanating from the score line 20. A free flowing 
gas system 28 is frequently employed to achieve focus- 
ing element 18 cleanliness. Also, certain gases, if 
directed to the score line 20 formed at the laser impinge- 
ment area, will alter the chemistry and thermodynamics 
at the scoring site. For example, inert gases such as 
nitrogen or argon can displace the oxygen in the air at 
the impingement site and prevent both charring and local 
combustion while keeping the focusing elements clean. 
Alternate gases and flow rates can dramatically alter the 
properties of the resulting score line 20 and create a wide 
range of physical properties of the cover 16. 

Figure 3 shows yet another embodiment in which the 
cover 16 is maintained in a fixed position and the laser 
output beam 14A is manipulated by a system of control- 
led positioning translating mirrors 30 and a controlled 
positioning focusing system 32. 

Figure 4 illustrates a preferred form of the invention, 
in which a self-contained laser generator 34 is mounted 
to a robot arm manipulator 36, which moves the laser 
generator 34 under program control stored in a central 
computer control 38 and directing a robot controller 40. 
so as to cause a focused laser beam 1 4B to trace a pat- 
tern on a trim piece cover 42 corresponding to a pro- 
grammed score line. 

The compute' controller 38 may also be connected 
to a laser controller 44 which can vary the operation and 
power level of the laser generator 34. 

The cover 42 is f ixtured on an ultrasonic sensor 46 
which generates signals corresponding to the thickness 
of material remaining after the groove scoring is pro- 
duced by the laser beam 14B such as to provide a feed- 
back signal to the central computer control 38 to vary the 
position of the laser generator 34 and/or its power output 
to precisely control the thickness of material remaining 
after the groove scoring is produced. The resistance to 
tearing of the remaining material above the groove is 
important to proper air bag deployment and hence its 
thickness, should be controlled. 



Such ultrasonic sensors capable of gaging internal 
features, such as material thickness, are commercially 
available, and hence details are not here given. 

The laser generator 34 is preferably of the "diffusion 
s cooled" type which does not require gas line hookups 
and thus is readily mountableto a robot arm manipulator. 
Accordingly, the optical system is simplified as the beam 
is directed by robot arm motion, lower costs and improv- 
ing performance. A more rugged, reliable installation 
10 also results, suited to a production environment 

Diamond™ lasers available from Convergent Energy 
of Sturbridge, Massachusetts are perfectly suited for this 
application. 

Figure 4A shows a variation wherein a second robot 

15 arm 36A is provided which manipulates a gaging laser 
beam generator 48, directing a reflected low power laser 
beam 52 at the cover 1 6, which is detected and analyzed 
in a laser gaging circuit 50. From this, there is developed 
a signal in the laser gaging circuit 50 indicating the pre- 

20 cise location of the cover surface at a point just ahead of 
the cutting laser 14B. This allows the central computer 
control 38 to cause the position of the cutting laser beam 
generator 34 to be shifted by the robot arm 36 corre- 
spondingly (or to adjust the output beam) so as to main- 

25 tain a constant groove depth. 

The laser beam can be directed to not only produce 
the scoring of the cover 42. but may produce cutout 
openings 54 therein. Further, the perimeter of a sub- 
strate panel 56 to which the cover 42 is assembled can 

30 be trimmed as well, achieving significant manufacturing 
economies. 

Figures 5 and-5A illustrate the application of the 
above-described process to a cover panel 58 formed by 
a dry powder slush molding operation. This process is 

35 commercially practiced by depositing a powder on a 
heated mold surface, which results in a smooth outer sur- 
face 60, grained and painted, which is exposed within 
the passenger compartment. The other surface 62 is rel- 
atively rough, and hence a relatively varying depth 

40 groove 64 is necessary to leave a constant thickness t 
of a remaining material. The thickness t must be control- 
led to achieve a predictable tearing strength and to avoid 
any visfcrfe indication on the outer surface 60. 

TTius, gaging of the thickness t, as with an ultrasonic 

45 gage, is necessary, varying the depth of the groove 64 
to maintain the thickness t. 

Figure 6 shows a segment of a cover 66 vacuum 
formed from smooth calendered sheet vinyl. In this case, 
the groove 68 may be of constant depth inasmuch as 

so both surfaces are smooth and the combined depths t-, 
and t 2 erf the groove 68 and the remaining material should 
be constant. 

In both examples, the covers 60. 66 are assembled 
in a mold after scoring with an instrument panel substrate 
55 (not shown), foam injected into an intervening space to 
bond together the substrate and cover, as well asdeploy- 
ment door panels and frame, into a unitary trim piece. 

. Figures 7, and 8 illustrate the process applied to an 
injection molded wheel cover 70, having an air bag 
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n^? " K,iCated phantom at 72 - ali 9ned with a 

oZ^l^TJ 4 anan9ed b6ne&ih *>* "lain 

.rdlraSf ^ 66 9 rained painted, as 

The preweakening pattern consists of a series of s 
laser scored grooves 78 in the inner or rear face 80 
h-r ^ W - ° f the 9rowe is suffi cient to avoid self 
S^V" * iCkneSS of •» laser beam scored 
^ be ,6SS man *» "fining thickness t M 

It is also noted that the laser scoring process can be 

the molding time wherea long cooling interval is required 
Ji Gra * n 9 the thinned out region above the is 
preweakening groove. 

*!^f 0nn ? d6ptn Can vaf y from 20%-80% of the 
totalth.ckness depending on the available tearing force 
the strength of the material used, and whether or S 
other assisting devices are employed ~ 
Figures 9 and 10 show the application of the process 

fno ^l^" 9 °° VerS - R9ure 9 " an ou «er vinyl layer 
1 02 is bonded to a polypropylene foam backing layer 106 

Irf^iL^ 8 * 6 , 00 " 6 ' User scored 9 rooves 104 

extend into the rear face to various exemplary depths 25 
..e partelly mto layer 106. completely through the layer 
106. or partially through the covering layer 102 The 

E2 B ?*? h T "'^ d6pendS on the needs <* Par- 
ticular application, i.e.. the level of force designed to 

cause rupture of the preweakened seam 30 

In Figure 10. the vinyl cladding layer 102 and back- 
ing layer 1 06 are vacuum formed and adhesively bonded 
to a thermoplastic substrate 108. In this case, the laser 
scored grooves 1 10 also penetrate the substrate 108 

Figures 1 1 and 12 illustrate the process applied to as 
aleajer cover 82. In Figure 11, a groove eJ« Ser 

ZZZLTh 8 20,16 86 Whi ° h tes ^ ^treated with 
lacquer to be more notch sensitive as described in detail 
in copending U. S. application Serial No. 08/109 122 
filed August 13. 1993. 

i f 40 

„ntrl n .!?, Ure J 2 ' 8 9roove 88 is teser s 00 ^ into an 
untreated leather cover 90. 

Figure 13 illustrates the process applied to a cos- 
bT^ZS f^.f-.^asatextile materia, as might 
Si ^ 8 8,(16 ,mpact air 639 system - which has a « 
scrim backing layer 94 bonded thereto 

♦hr« Tt !fi aS !. r groove 96 Penetrates completely 

lextitelayer 3 ^ 9 ^ ^ ""^ 
ous 1 5 ^ "PP***™ to <™sce.lane- so 

wJCT? 1 ? ! 4, 3 COSmetic sWn ^h as a vacuum 
formed vinyl sheet, is applied over a metal substrate 98 
(such as aluminum or steel). In this instance, the laser 
f^™ 9 9rOOVe 100 ""npletely penetrating the ss 

2£? ^L r f e 98 80(1 P^ 8 "* Penetrating the cover 
skin layer 96 to create the preweakening. 

Figure 1 5 shows a skin 96A over scrim backing 98 A 
penetrated with the laser scored groove 100 A 
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Referring to Figure 16. a laser generator 112 can 
drect a aser beam 1 1 4 at the reverse side of a substrate 
^ eflyin9 a cover ,a ver 1 18 and intervening 
foam layer 120 provided in a skin and foam construction 

The power of the laser beam 114 can becontrollably 
V f'lf as *> completely penetrate the substrate panel 

iSTi/T yef 120, ^ on| y Partially penetrate the 
'ns.de of the cover 118. as indicated, creating the 
preweakening by a laser scoring. engine 
A deployment door panel 122 is thus formed at the 

wT!^ 6 ' perf6Ct,y a,i9ned witn toe preweakening pat- 
tern of the cover 118. 

mh JIT USe «.°' 3 ' aSer beam enab,es Preweakening by 
other forms than a straight groove. 

As shown in Figure 17. a series of round perforations 
124 or slots 126 areformed in the cover 128 by intermit- 
tent operation of the laser generator 
130 w2 18 Sh0WS 8 Stepped " variab, e depth groove 

iL tenZ -rL" 9 ^ 132 Wies in d epth along 
its length. This shape may be produced by pulsatina 
operation of the laser generator, resulting in a cycticall?- 
varying intensity laser beam. 

Rgure 19 S howsalocalizedpreweakeningofacover 
l^L^T 9 • aS6r SCOred Pfeweakening groove 136 
formed therein. A series of crossing grooves are formed 
across the groove 136 at a selected locale. This creates 
a preferential intermediate point at which severing will 
proceed in opposite directions as indicated 

The preweakening process is readily applicable to 
aHronventoonal types of trim piece construction, i.e., skin 
and foam with both vinyl and leather skins (vacuum 
formed, dry powder, molded, injection molded) vinyl clad 
or hard plastic with a surface finish. 

Claims 

1 • A process for preweakening a cover of an automo- 
tive interior trim piece in an air bag deployment 
opening pattern, said cover defining a smooth, unin- 
terrupted layer overlying an air bag deployment 
opening, comprising the steps of: 

directing a laser beam of a predetermined 
intensity at an inside surface of said cover and mov- 
ing said laser beam over said inside surface in said 
deployment opening pattern, and controlling said 
laser beam to score said cover along said deplov- 
ment opening pattern. 

2. The process according to claim 1 wherein said laser 
beam is operated continuously at an intensity suffi- 
cient to form a continuous groove in said cover inside 
surface. 



P 16 Process according to claim 2 further including 
the steps of sensing the precise location of each por- 

ton of saidcover inside surface priortodirectingsaid 
laser beam at said portion and adjusting the 
impingement of said laser beam thereon in corre- 
spondence to send variations in the locations of said 
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cover inside surface portions to produce a constant 
depth groove. 

4. The process according to claim 2 further including 
the step of senang the thickness of cover material 5 
left after forming said groove to vary the laser beam 
cutting so as to maintain a constant thickness of 
cover material above said groove. 




A2 12 

robot arm so as to impinge portions of said cover 
along a path just ahead of the partial scoring of said 
cover, generating gaging signals corresponding to 
any surface variance of said cover portions, and 
adjusting the scoring action produced by said first 
laser beam generator in correspondence therewith 
so as to maintain a substantially constant partial 
scoring depth into said cover. 



5. The process according to claim 1 further including 
the steps of lirst assembling said cover inside sur- 
face onto a substrate panel included in said trim 
piece, and wherein said laser beam is directed at 
said substrate to completely penetrate the same in 
said pattern and scoring said cover from said inside 
surface. 

6. The process according to claim 1 further including 
the step of completely severing a portion of said 
cover layer by directing a laser beam at said cover 
and relatively moving said laser beam to sever said 
portion therefrom. 

7. The process according to claim 1 further including 
the step of assembling said cover to a substrate to 
form said trim piece, and further including the steps 
of trimming said substrate with said laser beam. 

8. The process according to claim 2 further including 
the step of back filling said groove with a diverse 
material. 



w 15. The process according to claim 14 wherein the 
speed of movement of said first laser beam gener- 
ator is varied in accordance with said gaging signals. 

1 6. The process according to claim 1 wherein said cover 
is is formed from a dry powder slush having a rough 
surface on one side, said scoring comprised of a var- 
ying depth groove formed with said laser beam into 
said rough surface. 

20 17. The process according to claim 1 wherein said trim 
piece comprises a molded plastic steering wheel 
cover and in said scoring steps a groove is formed 
by said laser beam. 

18. The process according to claim 2 further including 
the step of scoring said cover material with said laser 
beam in a transverse direction with respect to said 
groove to produce localized preweakening at a 
selected point along said groove. 



25 



30 



9. The process according to claim 2 wherein said laser 
beam is of constant intensity and said laser beam is 
moved at a rate to form a constant depth groove. 35 

1 0. The process according to claim 1 wherein said laser 
beam intensity is varied and is moved at a controlled 
rate to create a controlled depth and width of said 
preweakening scoring. 40 

1 1 . The process according to claim 1 wherein said laser 
beam is pulsed to create a scoring comprised of a 
groove of a varying depth. 

45 

1 2. The process according to claim 1 wherein said laser 
beam is operated intermittently to create a scoring 
comprised of a series of through holes in said cover. 

13. The process according to claim 1 further including so 
the step of mounting a first laser generator to a first 
robot arm and mounting said robot arm to direct a 
laser beam from said first generator at said cover 
along a path such as to score said cover in said pat- 
tern. 55 

...,14. The process according to claim 1 3 further including 
gaging said cover arm with a gaging laser beam by 
moving a second laser generator with a second 
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[0001] The present invention concerns cuttina and 



Backgroun d of the \nu*nu~ n 



[0002] Air bag safety systems have come into wide 

when a collision of the vehicle is detected by senses 
2 Za^Z7 by deP ' 0yed a Position^ S 
[0004] It is necessary that the folded air bag be stored 
m an enc.osed secure environment within the pas sen 

[0005] It is critical that the air bag deploy within mill, 

[0006] As noted, the air bag is enclosed within a stor 
age .receptacle, which is typically mounted behind an ° 

s:;: p r * uch as a ee, 

case of the driver's side air bag or a section of * 

SHIT* in ,he case of ,he £££££ a-; 

fyoveilie^e ST * ^ deP,0ymen, d °™™™>' 
a, bag through the opening created J£ 
£0008] As described in US-A.5,082,310 issued on 

Air Bag Deployment Opening', a seamless construction 
-s advantageous in which the deployment door panl 
are not separately delineated within the expanse o the 
trim piece, but rather a smooth uninterrupSsurface is 

Sonfof thT 13 COnS ' rUC,ion necessitates severing por- 

^-i^^jcsr piece in order ,o aL 

[0010] Severing has been achieved by the pressure 

docket No. TIP-161 See also ti V , " ey 
o'. 5>ee also U. S. patent application 
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accurate control over the depth of cut into a sheet of 
pliant plastic material such as a vinyl skin. However, a 
purely mechanical cutting operation still has other inher- 
ent accuracy limitations and is slow to execute. 
[0023] Also, some cover materials have irregular in- 
side surfaces, i.e., dry powder slush processes create 
such irregularities. If the groove depth were constant, 
this results in an irregular thickness of the remaining ma- 
terial. This leads to erratic performance as the resist- 
ance to opening pressure will vary greatly. 
[0024] The groove width is also important, in that if a 
too narrow groove is cut into many plastics, a "self heal- 
ing" may occur, particularly at elevated temperatures in 
which the groove sides will re-adhere to each other cau- 
si ng the preweakening effect to be erratic or neutral- 
ized. 

[0025] The required groove width also varies with the 
notch sensitivity of the material being preweakened. 
[0026] A further difficulty is encountered in assem- 
bling the preweakened component to the interior trim 
structure so that the lines of preweakening are properly 
registered with the other components. For example, the 
vinyl skin in a skin and foam instrument panel must be 
accurately positioned on the instrument panel substrate 
and the deployment door substrate panels so that the 
preweakening lines are stressed as the door edges 
hinge out under pressure from the air bag. . 
[0027] This alignment requirement creates manufac- 
turing difficulties and increased costs particularly since 
a variety of forms of instrument panel structures are em- 
ployed, i.e., skin and foam, vinyl clad, hard plastic with 
a finished surface.. etc. : since a variety of forming tech- 
niques are.employed, i.e. vacuum formed calendered 
plastic sheet, dry powder slush molded, injection mold- 
ed, etc. A leather covering layer is sometimes used in 
lieu of a vinyl plastic covering layer. 
[0028] Accordingly it is an object of the present inven- 
tion to provide a process for preweakening trim compo- 
nents overlying an air bag installation by groove scoring 
which is highly accurate in- production implementation., 
and which may be efficiently integrated into the trim 
piece manufacture to lower costs and improve results. 
[0029] GB-A-2,276,354 discloses a process for 
preweakening an automotive interior trim piece which is 
used to overly an air bag installation, the air bag instal- 
lation including a folded air bag adapted to.be inflated 
and deployed upon detection of a collision, the preweak- 
ening enabling formation of an air bag deployment 
opening extending through the trim piece by the inflating 
air bag pushing through the trim piece, the trim piece 
having a smooth, uninterrupted cover layer overlying a 
substrate panel associated with an air bag deployment 
door, there being a foam layer therebetween, wherein a 
laser beam is used to score the trim piece by cutting 
through the substrate panel and the intervening foam 
" layer in forming the preweakening. 
[0030] According to one aspect of the present inven- 
tion there is provided such a process which is charac- 



terised by the steps which are claimed in the second 
part of claim i . 

[0031] Preferred features of this aspect of the inven- 
tion are claimed in claims 2 to 17 and 20 to 22. 
5 [0032] According to another aspect of this invention 
there is provided apparatus for prescoring an inside of 
an automotive interior trim piece having a substrate and 
an overlying cover layer as claimed in claim 18. 
[0033] Preferably the apparatus includes sensor 
io means as claimed in claim 19. 

[0034] In a preferred embodiment of this invention the 
. preweakening groove scoring of a smoothly contoured 
trim piece cover material overlying an air bag receptacle 
is carried out by the use of a laser beam which is con- 
75 trolled and guided so as to produce grooves of a precise 
depth and width formed by the laser beam energy into, 
the undersurface of various trim piece cover materials 
such as a vacuum formed sheet of vinyl. 
[0035] A sensor provides a feedback signal allowing 
?o relative positioning of the workpiece and/or varying of 
the laser beam source intensity or to precisely control 
the groove depth to achieve a constant thickness of the 
remaining material. 

[0036] The workpiece and laser beam source can be 
25 mounted for relative movement in a two-axis positioner 
table, or alternatively, a system of movable reflectors 
can optically generate the groove pattern. 
[0037] A five axis robotic arm can also be used to 
guide the laser beam source in the required pattern ex- 
30 tending in three dimensions, and in process or post- 
process gaging can also be utilized to correct the laser 
and robot control and improve results. 
[0038] The laser beam preweakening groove scoring 
is carried out on the cover piece prior to its^incorporation 
35 into the trim piece. 

[0039] The laser beam apparatus can further be uti- 
lized to trim the assembled trim piece. 

Description of the Drawings 

40 

[0040] Figure 1 is a perspective diagrammatic view of 
a laser beam scoring apparatus having a trim piece dis- 
posed therein being preweakened in a predetermined 
pattern by laser beam groove scoring. 
45 [0041] Figure 2 is a fragmentary view of a trim piece 
having a preweakening groove formed therein back 
filled with a filler material. 

[0042] Figure 3 is a perspective diagrammatic view of 
another form of the laser beam scoring apparatus which 
50 embodies the invention and having a trim piece dis- 
posed therein being preweakened in a predetermined 
pattern by laser beam groove scoring. 
[0043] Figure 4 is a perspective, simplified represen- 
tation of a preferred robot arm form of the laser beam 
55 scoring and cutting apparatus together having a trim 
piece disposed therein being trimmed and preweak- 
ened in a predetermined pattern by laser beam groove 
scoring. 
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Detailed Descrip tion 



[0061] In the following detailed descriotion , « 
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21 of cover 16 forms the cosmetic surface presented to 
occupants of the vehicle. 

[0069] The width ofthe score line 20 is generally min- 
imized in typical applications but self healing may be 
avoided when necessary by making wider cuts which 
may be backfilled with a material having generally ben- 
eficial physical properties for improving bursting of the 
invisible seam during air bag operation in the vehicle. 
[0070] For example and referring to Figure 2, a portion 
of a polymer sheet instrument panel cover 16 with a wide 
score line 22 and with filler 24 comprising a cured in 
place silicone rubber bead is shown. Filler 24 provides 
mechanical support in a similar fashion as was experi- 
enced before polymer was removed by the laser. The 
mechanical support provided by filler 24 prevents dete- 
rioration of cover 1.6 over the lifetime of the vehicle. 
[0071] Typical focusing elements for infrared laser 12 
comprise gallium arsenide or germanium refractive lens 
members, or gold reflective members. Several alternate, 
laser types will achieve good results and laser source 
12 may be an excimer, solid state, argon gas, or diode 
laser. However, the carbon dioxide laser is likely to be 
the least expensive in both initial cost and over the re- 
quired lifetime. 

[0072] If laser source 1 2 produces continuous output, 
the depth of the score line 20 is controlled by the laser 
output power density at the surface of cover 16 and the 
rate at which cover 16 moves relative the beam 14. 
. [0073] In another process, laser source 12 may be 
controlled to generate pulses of a laser output beam, . 
each pulse removing by heat ablation or combustion a 
minute quantity of cover 16 material. Depth is therefore 
controlled by applying a particular number of pulses be- 
fore moving to an adjacent, possibly overlapping, site 
on the inside of cover 16. The pulsed laser technique 
combined with a stepwise movement of cover 1 6 should 
result in superior control over the process when a com- 
puter based controller 26 is used. 

[0074] Multiaxis positioning system 1 7 may be driven 
by a multiplicity of electric motors controlled by a small 
computerized controller 26 as shown, or alternatively, 
by electromechanical actuation of a multiplicity of cams 
and- mechanical devices which move the cover 16 in a 
proper pattern at appropriately controlled rates. 
[0075] In most industrial applications, the focusing el- 
ements 18 must be maintained clean and free of blow- 
back debris emanating from the score line 20. A free 
flowing gas system 28 is frequently employed to achieve 
focusing element 18 cleanliness. Also, certain gases, if 
directed to the score line 20 formed at the laser impinge- 
ment area, will alter the chemistry and thermodynamics 
at the scoring site. For example, inert gases such as ni- 
trogen or argon can displace the oxygen in the air at the 
impingement site and prevent both charring and local 
combustion while keeping the focusing elements clean. 55 
Alternate gases and flow rates can dramatically alter the 
properties of the' resulting score line 20 and create a 
wide range of physical properties of the coyer 16. ' : 



[0076] Figure 3 shows yet another embodiment in 
which the cover 16 is maintained in a fixed position and 
the laser output beam 14A is manipulated by a system 
of controlled positioning translating mirrors 30 and a 
s controlled positioning focusing system 32. 

[0077] Figure 4 illustrates a preferred form of the in- 
vention, in which a self-contained laser generator 34 is 
mounted to a robot arm manipulator 36, which moves 
the laser generator 34 under program control stored in 
to a central computer control 38 and directing a robot con- 
troller 40, so as to cause a focused laser beam 14B to 
trace a pattern on a trim piece cover 42 corresponding 
to a programmed score line. 

[0078] The computer controller 38 may also be con- 
1 5 nected to a laser controller 44 which can vary the oper- 
ation and power level of the laser generator 34. 
[0079] The cover 42 is fixturedon an ultrasonic sensor 
46 which generates signals corresponding to the thick- 
ness of material remaining after the groove scoring is 
20 produced by the laser beam 14B such as to provide a 
feedback signal to the central computer control 38 to 
vary the position of the laser generator 34 and/or its 
power output to precisely control the thickness of mate- 
rial remaining after the groove scoring is produced. The 
25 resistance to tearing of the remaining material above the 
groove is important to proper air bag deployment and 
hence its thickness should be controlled. 
[0080] Such ultrasonic sensors capable of gaging in- 
ternal features, such as material thickness, are commer- 
30 cially available, and hence details are not here given. 
[0081] The laser generator 34 is preferably of the "dif- 
fusion cooled" type which does not require gas line 
hookups and thus is readily mountable to a robot arm 
manipulator. Accordingly, the optical system is simpli 
tied as the beam is directed by robot, arm action, lower 
costs and improving performance. A more rugged, reli- 
able installation also results, suited to a production en- 
vironment. 

[0082] Diamond™ lasers available from Convergent 
Energy of Sturbridge, Massachusetts are perfectly suit- 
ed for this application. 

[0083] Figure 4A shows a variation wherein a second 
robot arm 36A is provided which manipulates a gaging 
laser beam generator 48, directing a low power laser 
beam 52 at the cover 42 from which that beam 52 is 
reflected, which reflected laser beam is detected and 
analyzed in a laser gaging circuit 50. From this, there is 
developed a signal in the laser gaging circuit 50 indicat- 
ing the precise location of the cover surface at a point 
just ahead of the cutting laser 14B. This allows the cen- . 
tral computer control 38 to cause the position of the cut- 
ting laser beam generator 34 to be shifted by the robot 
arm 36 correspondingly (or to adjust the output beam) 
so as to maintain a groove depth which will produce a 
constant thickness of remaining material. 
[0084] The laser beam can be directed to not only pro- 
duce the scoring of the cover 42, but may produce cutout 
openings 54 therein. Further, the perimeter of a sub- 
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[0092] It ,s also noted that the laser scoring process 
can be earned out very rapidly, and saves pfocess^a 
•me over the molding time where a long ^2 

above the preweakening groove. 
[0093] The scoring depth can vary from 20%-80°/ m 
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a cover 134 having laser scored preweakening groove 
136 formed therein. A series of crossing grooves 138 
are formed across the groove 1 36 at a selected locale. 
This creates a preferential intermediate point at which 
severing will proceed in opposite directions as indicated. 
[0110] The preweakening process is readily applica- 
ble to all conventional types of trim piece construction, 
i.e., skin and foam with both vinyl and leather skins (vac- 
uum formed, dry powder, molded, injection molded) vi- 
nyl clad, or hard plastic with a surface finish. 



Claims 

1. A process for preweakening an automotive interior 
trim piece (70, 122) which is used to overlie an air 
bag installation (72), said air bag installation (72) 
including a folded air bag adapted to be inflated and 
deployed upon detection of a collision, said 
preweakening (74) enabling formation of an air bag 
deployment opening extending through saioj trim 
piece (70, 122) by said inflating air bag pushing 
through said trim piece (70, 122), said trim piece 
(70, 122) having a smooth, uninterrupted cover lay- 
er (58, 66, 96 A, 102, 1 18) overlying a substrate pan- 
el (98A, 108, 116) associated with an. air bag de- 
ployment door (70, 122), said cover layer (58 ; 66, 
96A, 102, 118) and said substrate panel (98A, 108, 
116) being formed separately and thereafter joined 
together, and a laser beam (14, 14A, 14B, 114) be- 
ing used to score a portion of said trim piece (70, 
122) in preweakening said trim piece (70 : 122); 
characterised by the steps of: 
scoring one side (62, 80) of said cover layer (58, 66, 
96A, 102, 118) prior to joining said separately 
formed cover layer (58, 66, 96 A, 102, 118) to said 
substrate panel (98A, 108,. 116) by directing a laser 
beam (14, 14A, 14B, 114) of a predetermined inten- 
sity at said one side (62 : 80) of said cover layer (58, 
66, 96A, 102 : 118) and moving said laser beam (14, 
14A, 14B, 114) over said cover layer (58, 66, 96A, 
102, 118) in a predetermined scoring pattern (74) 
while controlling said laser beam (14, 14A, 14B, 
114) so as to produce scoring of said one side (62. 
80) of said cover layer (58,. 66, 96A, 102 : 118) to a 
significant depth into said cover layer (58, 66, 96A, 
102, 118). 

2. A process according to claim 1, wherein said one 

side (62, 80) of said separate cover layer (58, 66, so 
96A, 102, 118) that is scored is an inside surface 
thereof and said cover layer (58, 66, 96A, 102, 118) 
is mounted to said substrate panel (98A, 108 116) 
by 

55 

. assembling said scored cover layer (58, 66, 
96A : 102, 118) and substrate panel (98A, 108, 
1 1 6) into a mold with an intervening space ther- 



ebetween, and with said scoring pattern (74) 
having a predetermined spatial relationship 
with said deployment door (70, 122); and 
filling said intervening space with plastic foam 
to bond said cover layer (58, 66, 96A, 102, 118) 
and substrate panel (98A, 108, 116) together 
with said foam layer (106, 120) formed there- 
between and. underlying said scoring pattern 
(74). 

3. A process according to claim 2, wherein, in said 
scoring steps a C0 2 laser beam (14, 14A, 14B, 114) 
is directed at said cover layer inside surface (62 
80). 

4. A process according to claim 2, further including the 
step of sensing the thickness (t) of said cover layer 
(58, 66, 96 A, 1 02, 1 1 8) at each point along the path 
of the laser beam (14, 14A, 14B, 114) and varying 
the scoring effect produced by said laser beam (14, 
14A, 14B, 114) so as to maintain a predetermined 
remaining thickness (t) of said cover layer (58, 66, 
96 A, 102, 118) along said scoring pattern (74). 

5. A process according to claim 2, further including the 
step of completely severing a portion of said cover 
layer (58, 66, 96A, 102, 118) by directing a laser 
beam (14, 14 A, 14B; 114) at said cover layer (58, 

.66, 96A, 102, 118) and relatively moving said laser 
beam (14, 14A, 14B, 114) to sever said portion 
therefrom. 

6. A process according to claim 2, further including the 
step of trimming said trim piece (70, 122) with said 
laser beam (14, 14A, 14B, 114). r - 

7. A process according to claim 2, further including the 
step of back filling with a diverse material (24) a 
groove (22) formed by scoring said inside surface 

<o (62, 80). 

8. A process according to claim 3 : wherein said C0 2 
laser beam (14, 14A, 14B, 114) is of constant inten- 
sity and is moved along said pattern (74) at a rate 
to form a constant depth groove (68). 

9. A process according to claim 3, wherein said C0 2 
laser beam (14, 14A, 14B, 114) intensity is varied 
and is moved at a controlled rate to create a con- 
trolled depth and width of said preweakening scor- 
ing (74). 

10. A process according to claim 3, wherein said C0 2 
laser beam (14, 14A, 14B ; 114) is varied in intensity 
and/or speed to create a scoring in said cover layer 
(58, 66, 96A, 102, 1*18) comprised of a groove (64) 
of a varying depth/ ' " ' 



13 
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b A e p r ( i s 4 s mTub 9 m c ; aim 2 - wherein said *~ 

t n ~ ' 114 ) ,s operated intermittently 

to create a sconng comprised of a series of through 
notes (54, 124, 126) in said cover layer (42) So 
substrate panel (1 28). 1 ' ld 

12 ' slToT™ a T dinQ 10 C ' aim 2 ' ' Urther ir,cl ^»g the 
step of mounhng a first laser beam generator (34) 

36) ITT (36) ^ m ° Vin 9 said ^o. arm 

£££ZL?5 ,aser beam (14B) from Said *- 

?62 fin 1/ 3 Sa ' d C ° Ver layer inside ^rface 
62, 80) along a path such as to score said cover 
layer (58, 66, 96A, 102, 118) in sajd pan™*' 

A process according to claim 12, further including 
gaging said cover layer (58, 66, 96A, 102, 18 2 
a gaging laser beam (52) by moving a second laTer 
generator (48) with a robot arm so as to impinge 
portions of said cover layer (58, 66, 96A 102 lit 

layer (58, 66, 96 A, 102, 118), generating gaging sig- 
nals corresponding to any surface varLce of safd 

cover layer portions, and adjusting the s onng ^ 
duced by said laser beam generator (34) in corre- 
spondence therewith so as to maintain a substan- 
tially constant material thickness (y remaining 
above the scoring of said cover ,aye! 



tZZ a ?°/ d,n9 ,0 G,a ' m 1 3 ' Wherei " the speed 

is v a r d T nt ° f S ! id firSt ' aSer beam generator (34) 
-svanedm accordance with said gaging signa| * J 

15 ' to^S^™'**"*- herein said cover 
a muih ff ° m 3 dry P ° Wder slus h having 

a rough texture on said inside surface (62) said 

be°for S ^ P CaUSin9 3 Va ^ n 9 de P'h 9roole 64^0 
be formed wrth said laser beam (14, 14A, 14B , 
sconng into said rough textured inside surface (22) 

pie P c^70 S ^S O ; C,in9 t0 C ' aim 2 ' Wherein said «™ 
piece (70, 1 2?) compnses a molded plastic steering 

wheel cover (70) and in said scoring steps a groove 

74 ,s formed by said laser beam (14 14A 14B 



EP0 711 627 B1 



15 



14 

U^f ,3Ser b6am 9 enerato ^ (14, 14A, 14B 
114) of sufficient power to partially penetrate 
said mterior trim piece (70 122)- and 
means (10) for supporting said trim piece (70 
122) and relat.vely moving said supported rim 
Pjece (70. 122) and iaser beam general ^ 
o trace a scoring pattern (74) on said interio 
nm pi ece(70, 122)withalaserbeam (1 4 HA 

characterised by control means (38 44 and 

iSrdTT SC ° rin9 ° f Said ,ri ™ Piece (70 
122) dunng the tracing of the scoring pattern 74) 
on , said .ntenor trim piece (70, 122) and vary ng the 
scoring effect of said laser beam (14 14A 14B ill! 
to produce only a partia. penetration ofsa^ie io 

Tb mt ?' 1 ? bV said ,aser beam ( 14 

19. APParalusaccordhgioelaimia whar.in win .. 
. W mean. (38. 44 and 50) «, ud :f^ 0 ^ s 

remaining material. "-*ness (t) of 

20. A process according to claim 1, wherein in said 
scor,ngstepsaco 2 ,aserbeam(14. 14A 14B I,* 
greeted a, said cover ,ayer inside surface Jg 



35 



16. 



50 



17. A process according to claim 3, further including the 
step of scoring said cover layer (58, 66, 96 A 102 
118) wrth said laser beam (14, 14A, 14B 114) in a 
ransverse direction wrth respect to a groove 
formed thereby to produce localized preUke nfn j 
(74) at a selected point along said groove (22) 

18. Apparatus for prescoring an inside (62, 80) of an 
automotive interior trim piece (70, 122) having a ss 
substrate (98A. 108, ,16) and. an overlying cover 
'ayer (58, 66, 96A 102, 118) comprising 



the sSo ol r 9 '° C ' aim 2 °' ' Urther inc '^ing 

58 66 ^1 Trio 9 ^ ° f Said co *er layer 

of sat 1 \ 2 ' 118) 31 8aCh P ° int alon 9 path 
of said laser beam (14, 14A, !4B, 114) and varying 

remaining ,h S ° ^ '° maintain a Predetermined, 
R « oA " eSS (,) ° f Sa,d cov ering skin layer 
m 66, 96A, 102, 1,8) along said scoring paUem 

^^^^^^ 
Revendications 



45 



1. 



Proce de pour la creation d'une amorce d'ouverture 
ture U ; Pre : af,aib,isse -ent d'un e,ement de gam 
ture d mter.eur automobile (70, 1 22) servant a 
ouvnr un systeme de sac gonflable (72 c sys.t e 
de sac gonflable (72) comprenan. un sac aa 1 
pouvant etre gonfle et deploye lors de la riPtT, 
dune collision, ce pre-afla ibflsseln, ou a mo £ 
de rupture (74) permettan, ,a formation d'une Tuver 
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ture de deploiement cTun sac gonflable s'etendant 
a travers I'element de garniture (70, 1 22) par le sac 
d'air en se gonflant en poussant a travers I'element 
de garniture (70,122) cet element de garniture 
(70, 1 22) presentant une couche de recouvrement s 
lisse ininterrompue (58,66,96A,102,118) recou- 
vrant un panneau de substrat (98A,108,116) asso- 
cie a une porte de deploiement de sac gonflable 
(70,122), cette couche de recouvrement 
(58,66,96A,102,118) et le panneau de substrat id 
(98 A, 1 08, 1 1 6) etant formes separement et sont en- 
suite reunis, et un faisceau ou rayon laser (14.14A, 
14B,114) servant a former des pointilles sur une 
portion de I'element de garniture (70,122), pour 
creer une amorce de rupture pour I'element de gar- is. 
niture (70,122) ; caracterise par les etapes cdnsis- 
tant a : 

former des pointilles (62,80) sur la couche de 
recouvrement (58,66,96A,102,118) avant de reunir 
la couche de recouvrement formee separement 20 
(58,66,96A,102 t 118) sur le panneau de substrat 
(98A,108,116) en dirigeant un rayon laser (14.14A, 
1 4B, 1 1 4) d'une intensite predeterminee sur un cote 
(62,80) de la couche de recouvrement (58,66,96A, 
102, 118) et en deplacant le rayon laser (14.14A, 25 
14B.114) sur la couche de recouvrement 
(58,66,96A,102,118) dans une configuration de 
pointilles predeterminee (74) tout en commandant 
le rayon laser (1 4, 1 4A, 1 4B, 1 1 4) de f agon a produire 
les pointilles sur un cote (62,80) de la couche de 30 
recouvrement (58,66,96A,102,118) a une profon- 
deur sensible dans la couche de recouvrement 
(58,66,96A,102 : 118). 

Procede selon la revendication 1, dans lequel uh 35 
cote (62,80) de la couche de recouvrement separee 
(58,66 f 96A,102,118) qui est muni de pointilles, est 
sa surface interne et la couche de recouvrement 
(58,66,96A,102,118) est montee sur le panneau de 
substrat (98A,108 : 116) en 40 

assemblant la couche de recouvrement poin- 
tillee (58,66,96A,102,118) et le panneau de 
substrat (98A,108,116) dans un moule avec un 
espace intermediate, et avec la configuration 45 
de pointilles (74) ayant une relation spatiale 
predeterminee par rapport a la porte de de- 
ploiement (70,122) ; et 

remplir I'espace intermediate de mousse plas- 
tique pour souder ensemble la couche de re- so 
couvrement (58,66,96A,102, 118) et le pan- 
neau de substrat (98A, 1 08, 116) avec la couche 
de mousse (106,120) formee entre ceux-ci et 
situee de facon sous-jacente a la configuration 
de pointilles (74). 55 

Procede selon la revendication 2, dans lequel dans 
les etapes de formation de pointilles, un ravon laser 



C0 2 (14.14A.14B.1 14) est dirige sur la surface in- 
terne de la couche de recouvrement (62,80). 

4. Procede selon la revendication 2, comprenant de 
plus les etapes consistant a detecter I'epaisseur (t) 
de la couche de recouvrement (58,66,96A,102,118) 
sur chaque point le long du trajet du rayon laser 
(14,14A,14B,114) et afaire varier I'effetde pointille 
produit par le rayon laser (14, 14A.14B.114) afin de 
maintenir une epaisseur restante predeterminee (t) 
de la couche de recouvrement (58,66, 96 A,1 02, 1 1 8) 
le long de la configuration de pointilles (74). 

5. Procede selon la revendication 2, comprenant le. 
plus I'etape consistant a sectionner completement 
une portion de la couche de recouvrement 
(58,66, 96A, 102, 11 8) en dirigeant un rayon laser 
(14,14A,14B,114) sur la couche de recouvrement 
(58,66,96^102,118) et en deplacant de facon rela- 
tive le rayon laser (14,14A,14B,114) pour section- 
ner sa portion. 

6. Procede selon la revendication 2, comprenant de 
plus I'etape consistant a assurer la finition de la pie- 
ce de garniture (70,122) avec le rayon laser 
(14,14A,14B,114). 

7. Procede selon la revendication 2, comprenant de 
plus I'etape consistant a remplir avec un materiau 
different (24) une gorge (22) realisee par formation 
de pointilles sur la surface interne (62,80). 

8. Procede selon la revendication 3, dans lequel le 
rayon laser C0 2 (14,14A,14B,114) est d'intensite 
constante et ii est deplace le long de cette configu- 
ration (74) a une vitesse permettant de former une 
gorge de profondeur constante (68). 

9. Procede selon la revendication 5, dans lequel on 
fait varier I'intensite du rayon laser au C0 2 (14.14A, 
14B,114) et on le deplace a une vitesse controlee 
pour creer une profondeur et une largeur controlee 
du pointille d'amorce de rupture (74). 

10. Procede selon la revendication 3, dans lequel on 
fait varier le rayon laser au C0 2 (14,14A,14B,114) 
en intensite et/ou en vitesse pour creer des poin- 
tilles dans la couche de recouvrement (58,66i96A, 
102, 11 8) comprenant une gorge (64) de profondeur 
variable. 

11. Procede selon la revendication 2, dans lequel le 
rayon laser (14 1 14A,14B,114) est actionne par in- 
termittence pour creer des pointilles constitues 
d'une serie de trous traversant (54,124,126) dans 
la couche k de recouvrement (42) ou le panneau de 
substrat (128). 
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pSL! ' a reVendica,ion 2 - oomprenant de 
rateu H P con ^ 3 m0n,er un P«"*r gene- 

obot <m«Z T (34> SUr Un Prcmier b ' as d * 
robot (36) et a deplacer le bras de robot (36) oour 

— (140, a partir du JSfiZ s 

coSfJ h 1 } n ' VeaU d<? ' a SUrface inte ™ de 'a 
couche de recouvrement (62,80). le long d'un traiet 

(58 66 f0 q n R A a i P no nti,,er ' 3 COUChe de Bremen 
(58,66 t 96A,102,1 1 8)danscetteconfiguration(74) 

13 ' ptfc? ' a T end, ' Ca,i0n 12 ' Com P— "I de 10 
«? ° al,bra 9 e de 'a couche de recouvrement 
(58,66 96A.102.118) avec un rayon laser de^aH 

S " (i ( f air d t ,aeant un second 

is ( 2iSr h r de robot de fa?on a *w * 

58 66 96^,0? ' a C ° UChe de -oouvrem'n 

brace c^f J 8) 9<§n6ram d6S si 9 naux d * cali- 

brate correspondant a toute variation de surface 20 
des port.ons de la couche de recouvrement et en 
ajustant les pointH.es produits par le genXateu de 

ma7n; l n a irune 34) * **" — spondante^in de 
ma.nten.r une epa.sseurde materiau sensiblement 

couche de recouvrement (58,66,96A,102,118) 
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14. Procede selon la revendication 13, dans lequel on 

X det;s aser (34) en ,onction desdits si - 



ayant un substrat (98A.108.116) et une couche de 
recouvrement (58,66.9A,102.118) comprenant 

14B.114) de pu IS sance suffisante pour pene 
trer partie.lement dans .'element de gaSre 
inteneure (70,122); et u^rnnure 
des moyens (10) pour supporter ('element de 
garniture (70. 1 22, et deplacer de facon relative 
lelement de garniture supporte (70 122) eUe 

confinf r ^ ' aSer (34) P ° Ur ™ 
configurator, de pointi.les (74) sur I'e.ement de 

garniture inteneure (70.122) avec un ravon la 

-r (14 14A.14B.114) pour y former une ^rte 

de deployment de sac gonflable (70, 122) ; 

(38 44 Ca , r Sf rtS t d6S m ° yenS de -ornmande 
efemen 2 * de P oinlil '^ sur 

la cTn« , 9am,,Ure (7 °' 122 > P endant 'e trace de 
'a conf ( gurat.on de pointing (74) sur I'element Hp 

COT,' r 6 H n,6neUre (7 °' 122) « fa!re -ritTeS de 
pont.1 es du rayon laser (14.14A.14B.114) pou n 
produire qu'une penetration partie.le d^sCn 

s it; ieure h (7oj22) par ,e ra ^^ 

rip la r 3 ° haqUe point le lon 9 du trace 

de la configuration de pointilles (74). 



15, Procede selon la revendication 2, dans lequel la 
couche de recouvrement (58) est formee 
d-une bouillie de poudre seche ayant une texture 
rugueuse sur ,a surface interne "(62), TLpfde 
creation de pointil.es forman, une gorge de profon 
dour vanab.e (64) avec ,e rayon laser (14 . S 
114) forman, des pointilles dans (a surface inline 
de texture rugueuse (22). mierne 

16. Precede selon la revendication 2, dans lequel I'ele- 
men.de garniture (70,122)comprend un recouvre- 
ment de volant en plastique moule (70) et dans les 
etapes de creation de pointilles, une gorge (74 ) est 
formee par | e rayon laser (14.14A.14B.114) 

17. Procede selon la revendication 3, comprenant de 

coucheT C T' S,ant & f ° rmer d6S P-^-'es s rl 6 
couche de revetement (58,66, 96A, 1 02, 1 1 8) avec le 
rayon .aser (14,14A,14B,114) dans unl direct 
transv ersale , une gorge (22) ainsi forrn^r 
ture t , - P r r affaib,iSSemen, ou ^orce de rup- 

18 ' ^ Pare !' P ° Ur P^-P 0 '"^''^ I'interieur (62.80) d'un 
- element de garniture interieur automobile (7C 1,122) 



nZ H ° n ' a revendic ation 18, dans lequel les 
moyens de commande (38,44 e, 50) compLnen! 
des moyens de capteur pour capter la surface ex 
.eneure de ,a couche de recouvrement d4men, 
de ga niture (58,66, 96A, 102,118) pour faire vTde 
la profondeur de gorge de facon La n enir une 
3g epaisseur constante (t) de materiau restaT 

20. Apparei, selon la revendication 1, dans leque. dans 

atc^;st po ; n ri ,,6s ' un rayon ,a= 

^2 U^i4A f i4B,114) est dinge sur la surfarp 
<o .nteneure de la couche de recouvLen, (62 80) ; 

21. Precede selon la revendication 20 comorenan. rip 
Plus retape consistant a detecter CTsseu tt 
couche de recouvrement (58,66,96^02 ,^ 

« 14^ it ,on ? du tra,et du 

t 41 4A. 1 4B, 1 1 4) et a f aire varier I'eff et de pointilles 

P r ° d " rts Parferayon l aser(l4,14A.14B.li4S e 

de a, t n 'co;:b PaiSSeUrreS,an,epr6de,e -^ 
f58 Rfi o«^no membr ane de recouvremen 

22 ' Touchf de'° n ' a reVendica,ion I- dans lequel ,a 
couche de recouvrement (58,66,96A 102 118> 

cne de renfort en mousse (106J20). 
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PatentansprOche 

1. Verfahren zum Vorschwachen eines inneren Ab- 
deckstuckes (70, 122) in Kraftfahrzeugen, das ver- 
wendet wird, urn uber einer Airbag- Vorrichtung (72) s 
zu liegen, wobei die Airbag-Vorrichtung (72) einen 
gefalteten Airbag aufweist, deradaptiert ist, urn bei 
Nachweis eines Zusammenpralls aufgeblasen und 
entfaltet zu werden, wobei die Vorschwachung (74) 
die Bildung einer Airbag-Entfaltungsoffnung ermog- w 
licht, die sich durch das Abdeckstuck (70, 1 22) er- 
streckt, wobei der Airbag beim Auf blasen durch das 
Abdeckstuck (70, 122) stdGt, wobei das Abdeck- 
stuck (70, 122) eine glatte ununterbrochene Ab- 
deckschicht (58; 66, 96A ; 102, 118) aufweist, die is 
uber einer mit einer Airbag-Entfaltungsluke (70, 
122) assoziierten Substratplatte (98 A, 108, 116) 
liegt, wobei die Abdeckschicht (58, 66, 96A, 102, 
1 08) und die Substratplatte (98A, 1 08, 11 6) getrennt 
ausgebildet und danach aneinandergefugt werden, 20 
und wobei ein Laserstrahl (14, 14A, 14B, 114) ver- 
wendet wird, um beim Abschwachen des Abdeck- 
stuckes (70, 122) Rillen in einem Abschnitt des Ab- 
deckstuckes (70, 122) zu biiden; gekennzeich.net 
durch die folgenden Schritte: 25 
Bildung von Rillen auf der einen Seite (62, 80) der 
Abdeckschicht (58, 66, 96A, 1 02, 1 08) vor dem An- 
einanderfugen der getrennt ausgebildeten Abdeck- 
schicht (58, 66, 96A, 102, 108) an die Substratplatte 
(98A, 108, 116), indem ein Laserstrahl (14, 14A : 30 
1 4B, 1 14) vorbestimmter Intensitat auf die eine Sei- 
te (62, 80) der Abdeckschicht (58, 66, 96A, 102, 
108) gerichtet und nach einem vorbestimmten Ril- 
lenbildungsmuster (74) uber die Abdeckschicht (58, 
66, 96 A, 102, 108) bewegt wird, wobei der Laser- 35 
strahl (14, 14A, 14B, 114) so kontrolliert wird, daR 
auf der einen Seite (62, 80) der Abdeckschicht (58, 
66, 96A, 102, 108) Rillen signifikanter Tiefe in die 
Abdeckschicht (58, 66, 96A : 102, 108) hinein er- 
zeugt werden. 4C 

2. Verfahren nach Anspruch 1, wobei die eine Seite 
(62, 80) der getrennten Abdeckschicht (58, 66, 96A, 
102, 108), in der die Rillenbildung stattfindet, eine 
innere Oberflache davon ist, und die Abdeckschicht 45 
(58, 66, 96A, 102, 108) mit der Substratplatte (98A, 
1 08, 11 6) zusammengesetzt wird durch 

Zusammensetzen der mit einer Rille versehe- 
nen Abdeckschicht (58, 66, 96 A, 102, 108) und 50 
der Substratplatte (98A, 108, 116) in eine Form 
mit einem Zwischenraum zwischen den beiden 
Komponenten, wobei das Rillenbildungsmu- 
ster (74) in einer vorbestimmten raumlichen 
Beziehung zu der Entfaltungsluke (70, 122) ss 
steht, und 

Auffullen des Zwischenraumes mit Kunststoff- 



schaum, um die Abdeckschicht (58, 66, 96A, 
102, 108) und die Substratplatte (98a! 108, 
116) mittels der Schaumschicht (106, 120) zu 
verbinden, die dazwischen ausgebildet ist und 
unter dem Rillenbildungsmuster (74) liegt. 

3. Verfahren nach Anspruch 2, wobei in den Rillenbil- 
dungsschritten ein C0 2 -Laserstrahl (14, 14A, 14B, 
114) auf die innere Oberflache (62, 80) der Abdeck- 
schicht (58, 66, 96A, 102, 108) gerichtet wird. 

4. Verfahren nach Anspruch 2, des weiteren mit dem 
Schritt, die Dicke (t) der Abdeckschicht (58, 66, 
96A, 102, 108) an jedem Punkt entlang des Weges 
des Laserstrahls (14, 14A, 14B, 114) zu messen, 
um eine vorbestimmte verbleibende Dicke (t) der 
Abdeckschicht (58, 66, 96A, 102, 108) entlang des 
Rillenbildungsmusters (74) aufrechtzuerhalten. 

5. Verfahren nach Anspruch 2, des weiteren mit dem 
Schritt, einen Abschnitt der Abdeckschicht (58, 66, 
96A, 102, 108) komplett abzutrennen, indem ein 
Laserstrahl (14, 14 A, 14B, 114) auf die Abdeck- 
schicht (58, 66, 96A, 102, 108) gerichtet und relativ 
zu ihr be.wegt wird, um den Abschnitt von ihr abzu- 
trennen. 

5. Verfahren nach Anspruch 2, des weiteren mit dem 
Schritt, das Abdeckstuck (70, 122) mit dem Laser- 
strahl (14, 14A, 14B, 114) zu durchschneiden. 

Verfahren nach Anspruch 2, des weiteren mit dem 
Schritt, eine Rille (22), die durch die Rillenbildung 
in der inneren Oberflache (62, 80) gebildet wurde. 
mit einem anderen Material (24) wiede'r aufzufullen. 

. Verfahren nach Anspruch 3 : wobei der C0 2 -Laser- 
strahl(l4rl4A, 14B, 114) von konstanter Intensitat 
ist und mit einer Geschwindigkeit entlang des Mu- 
sters (74) bewegt wird, so daB.eine gleichmaBige 
Rillentiefe (68) gebildet wird. 

9. Verfahren nach Anspruch 3, wobei die Intensitat 
des C0 2 -Laserstrahls (14, 14A, 14B, 114) variiert 
wird und er mit einer kontrollierten Geschwindigkeit 
bewegt wird, um eine kontroilierte Tiefe und Breite 
der vorschwachenden Rille (74) zu erzeugen. 

10. Verfahren nach Anspruch 3, wobei der C0 2 -Laser- 
strahl (14, 14A, 14B, 114) an Intensitat und/oder 
Geschwindigkeit variiert wird, um eine Rillenbildung 
in der Abdeckschicht (58, 66, 96 A, 102, 108) mit ei- 
ner Rille (64) variierender Tiefe zu erzeugen. 

11. Verfahren nach Anspruch 2, wobei der Laserstrahl 
(14, 14A, 14B ; 114) mit Unterbrechungen betatigt 
wird, um eine Rillenbildung zu erzeugen, die aus 
einer Reihe von durch'gangigcn Loch err, (54, 124, 
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SnS; EST*' (42) ^ der Subs <- 

12 ' SOS' 6 " " aCh AnSPmCh 2 - des weit *™ mi, dem 
Schntt, emen ersten Laserstrahlgenerator (34) an 5 

s«rah?n4m r r (36) ZU bSWe9en ' Um de " "-aser- 
sirahl (14B) des ersten Generators (34) an rtpr 

Tsi^ifz (62 ' 80) der s ; 

68. 96A, 102, 118) entlang eines solchen Weqes zu /* 
weln } 9ema8 MUSW ™ 
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(22) zu erzeugen. 



13. Verfahren nach Anspruch 12; des weiteren umf ae 
send, die Abdeckschicht (58, 66, 96A 02 Z mi," 
e-nem MeBlaserstrahl (52) zu verr^elsfn indem 
ZT LaSe ^ e ^ W mi, einem Robots 

:Lrr s de T deckschi ^ 

werden, des we.teren umfassend, die Ri|| en bn 

£ von dem ersten 

STiiTiSr Ri ": in der --^^ 
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30 



14. Verfahren nach Anspruch 13, wobei die Bewe 

SSSSr^f B ^ des ersten La ^aC:; 

15 ' s^ssT? AnSPfUCh 2 ' W ° bei die Abdeck- 

1 rT Ri,,e " b »^ng mfttels des Use 
strahls (14. 14A. 14B, 114) in die rauh texture 
Innenoberflache (22) gebilde, wird * eX,Uner,e 



1&)TkS^ ' nneren Abdec kstOckes (70, 

98A 108 n a f rZe ; 9en ' d3S 6ine S ^ra,schich 
,aaA, 108, 116) und eine daruberlieaendo ahh^l. 

Sb S: , m e ' nem Laserstrahl (14 14A 
UB 114) auf dem inneren Abdeckstuck (7o' 
122) e) nem Rillenbildungsmus,er (74) nachzu^ 

gekennzeichne, durch Kontrollmittel (38 44 und 
122l2h ™ enbildu "9 h dem Abdeckstuck (70 
mus \ZT ff ^ Ch9ehenS des ™»enbi,dun 9 s: 
TJS nh } u 6ni innefen Ab decks,uck (70 
122) uberwachen und den Rillenbildungseffek, de, 
Laserslrahls (14 14A 14R n,n • 9seueKI des 

14R 11^1 J 6n Laser strahl (14, 14A 

14B, 114) an jedem Punk, entlang des Rillenb? 
dungsmusfers (74) zu liefern ™enb.l- 



iS?S? ST PmCh 2 ' w ° bei das Abde <*- 

Sm J ' 122) e ' ne 9efortTlte Lenkradabdeckunq 
(70) aus Kunststoff aufweist, und durch die R«,en 
bldungsschritte vom Laserstrahl (14, 14 A 4B 
114) emeRille (74) gebilde, wird ' 14A ' 14B ' 

17 ' slMnZT h AnSPmCh 3 ' dSS Wei,eren dem 
Schrm, m„ dem Laserstrahl (14, 14A, 14B, 114) ei- 
ne ,R,|| e ,n der Abdeckschicht (58,66. 96A 02 118) 

e (22) zu bilden, urn ein ortliches Vorschwachen 
(74) an e,nem a.sgewahl.en Punk, enUang deT^ 



« 19 - ^^'^is'sr 18 ' wobei die Kontro "- 

voo, 44 und 50) Sensormitte! zum AbtastPn 

^ a foSTimr?K 9 ^ A6 ^^^ 

^°u^^ S = 

40 s^Srr nverb,eib - d --"^ 

20. Verfahren nach Anspruch 1, wobei bei den RiHen- 
Wdungsschri,,en ein C0 2 -La S erstrah, (14 4A 
\ I L 4) 3Uf d,e lnnen ° b erflache (62 80) der Ab 
45 deckschich, (58, 66 96A 10? no u 

v , o, »om, 1U2, 118) genchle, wird. 

21 ' Sc^h" "n Ch AnSPmCh 2 °' des Wei «^en mi, dem 
Sch rl , d D(ck der Abdeckschjcht tdem 

1 02, 1 1 8) an ,edem Punk, entlang des Weaes di 
50 Laserstrahls (14 14A 14R n^. ■! 9 s 

deckhautschicht(58 66 96A 109 11 of ■ 

- o : yoA, 102, 118) eine Haut aufweist, 
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die mit einer Schaumversteifungsschicht (106, 120) 
vorgeformt ist. 
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